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Overview

§ Regulation and testing
» Definitions & Categorization
» Prioritization and Exclusions

§ Case studies
» Photocatalytic cement
» Foamed celluloid

» Printed technologies
» 2D printed nanosilver circuit
o 2D printed Temp/humidity sensor
« 3D printed applications

Nanocellulose
Cumposn.e

7~ Tl

The Frank R. Lautenberg Chemical
Safety for the 21st Century Act

On June 22, 2016, the Frank R. Lautenberg Chemical Safety
for the 21 Century Act which amends the Toxic Substances

Control Act (TSCA), the Mation's primary chemicals
management [aw was signed info law.

The new law, which received biparlisan support in both the
LU.5. House of Representatives and the Senate, includes much
needed improvements such as:

+ Mandatory requirement for EPA to evaluate existing
chemicals with clear and enforceable deadlines;

» Mew risk-based safely standard;

* Increased public transparency for chemical information; and

+ Consistent source of funding for EPA to camy out the
responsibilities under the new law.
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Are Advanced Materials Sustainable:
For Soldiers? For the Environment?

§ Typical concerns, include unique:
» Properties
» Fate, exposure, health effects
» Uncertainty, regulations, liability

§ Emerging concerns

» Additive manufacturing / 3D printing 14 i |
e Intellectual property STL files Mouse lung with alveolar bronchiolar
. ’ . . carcinoma (Sargent, 2013)
» Direct exposure (garage, not industry setting)
e ASTM F42.06: EHS
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Nano DON'T!
“Nano” thermites

§ M Qatabase Qf @-effect IhreShOIdS O‘giuons for. metal catalyst
§ https://nano.el.erdc.dren.mil/ T e
§ Disseminate to help tech development ¥ CuO rods=’
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What Is Nano?

Advanced Materials?
Do we care’about SIZEf*PROPERTIESSOR BOTH?,

before properties,or,properties before size?,

Nanomaterial (Rule for Manufacturers and Processers;
EPA TSCA Section 8a) ...solid (25 °C, 1 ATM); 1 — 100
nm in one dimension and at least 1% particles by mass;

...Size-dependent property different from properties at sizes
greater than 100 nm and is a reason the chemical is
manufactured...”

Advanced Materials (ERDC): “materials intentionally
engineered to exhibit novel or enhanced properties that
confer superior performance relative to convention”

RISK PRIORITIZATION: “Highly uncertain risk profile
and the potential to adversely impact environmental
health and safety due to (1) direct chemical hazard,;

(2) components produce hazard; (3) unique
release/exposure”
Additive Manufacturing: “a layer-by-layer process of

producing 3-dimensional objects directly from a digital
model, unlike conventional or subtractive manufacturing
processes” (GAO, 2015)

m s

" “Nano” sensmg

aé‘“ %
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Product
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Disposal
Manufacturing b Dupasa

Processing

nes i

111 L) '.
F.L_‘}N_ano‘. thermites
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“The fear of a Jng wrthour peffe

information”
= paralysis by analysis...—we need to act on
what we know now.”

—Hangen et & 2014, Nanctachnolegy nsk mansgemant. 2nd ed. Elsevier. Amsterdem. pp 0-24

Kennedy et al., Environ Sci Technol,
2013, 47, 11258-11267
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Intentionally engineered.:

» Nanoparticles that in application
are sintered together outside
nano-range

» Nanostructures (“break off"?)

» Nanofilms are not particles

Incidentally released
» Particulates from matrix?

Low hazard properties?

Categorical Exclusions
from Nano-specific release testing

Bulk Surface Bound
! | w | = ] @ | | W | | s | wo |

Category LA: Manoscale Ordered 3 Dimensional Solid (Single Phase [ Single Type)

This category consists of a solid material ‘ -
whose constituent dimensions range from | 8

roughly 1 to 100 nanometers and extend in Sl rs &
all three spatial dimensions, The i .
Bulk Surface Bound Fartiches
o | = ] o ] o= ] om ] ow | o= | o= |

Category 2A: Nanoscale Structured Surface [ 2 Di 3 i {3 I Type)
This categary consists of a nanoscale '|" . W
structured surface. The nanoscale

structural dimensicns range from roughly 1 ‘*
to 100 nm and extend in bwo spatial
dimensions. This category is made up of
cnly one type of material,

Category ZB: Nancscale Film | 1 Dimensicnal (2 Material Types)
This category consists of a nanoscale film. | m—
The nancescale filrm dimensions range from
roughly 1 to 100 nm and extends in only 1
spatial dimension, This category is made
up of two types of material.

Particle size distribution

Ultra-fine (=100 nm) Fine (=100 nm)

Normalized number of particles
o o o O
M & O W

o i . . .

5 10 50 100 500

Particle size (nm)
Brame et al 2015. Environ Sci Technol 2015, 49, 11245-11246
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Photocatalytic Cement Mortar

Tier 1: Background, Life Cycle Thinking,

@ Characterization, Categorization
§ Photocatalytlc ENM

s fes Wik i Drsrer
e we2 [ e
e RPN [rene————
beidiaa i
Pl red e iption of wach of the wibeal wiegone by clicking on s of
tha batm Baiow. Then use the dropdown men h.-mﬂnrn-u-ha-wwm rology
conwgory 10 your prodact. You may only select one becheofogy
Eatagarut apohy, TR of NansCOEly for Hhak & ld"n-u uel-qc.-..lﬂln. that
| | tmchlogy catigery thitugh the odesl wepaistely.
Ruik Surtacs Raund Partsches
I | " I I |
Cotegory 3: Sobid Suspanded Ha rw-nbp-:tﬂp-rﬁdn,w-d: dismonds, otc.} 3
Drirnanaionsd Seruerurs (Mubt Typa)

This category conssts of sobd suspended
nano-objects. The nancecaks object L
dimersions ranga from roughly §to 100 nm &
and wectand i thres spatisl dirensions. This

Category & made up of multiphs Dypes. of
||||| sl

Cantinua

Size (nm) DLS SA VSSA
(SEM) (nm) (m2/g) (m2/cms3)

§ Scenario: Used in seawall;
,UV__Weatherlng abra5|on 34+12  193+2

i

(17 74) (71 — 443) (35 65)

Washouts

POC: Alan.J.Kennedy@usace.army.mil Piamond etal., 2017, submitted
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10.

Dichotomous key: Self cleaning cement

..... . Provides process for determining material categories, EHS risk prioritization

The material is:
a) Completely dissolved or water soluble (25 °C; 1 atm)...Terminate classification
b) Partially dissolved or water insoluble (25 °C; 1 atm)...qo to 3

The solid phase material(s) / ingredient components:

a) are intentionally engineered (1) to have novel/enhanced properties, (2) superior
performance relative to existing convention or (3) by a novel/advanced process (e.q., 3-D
printing)...qo to 7

b) do not individually have intentional novel/enhanced properties and/or is made by
conventional methods...go to 4

The material is intentionally engineered:

a) To have novel or enhanced properties (e.q., Size, surface area, reactivity, etc.)...qo to 9
b) By a novel process...go to 8

Advanced material

a) Is an advancement or improvement of an existing technology/application...qgo to 10

b) Is a completely new concept, paradigm...go to 10 Y - ‘
.go to 11

Advanced material novel/enhanced properties
a) Come from 1-100 nm size...Nano-enabled technology material..
b) There are no nano-scale dimensions

POC: Alan.J.Kennedy@usace.army.mil
 601-634-3344 10
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Cement Mortar
DURABLILITY & Release studies selection

'Scenarlo Used in seawall

NanoGRID: Guidance for Risk Informed Deployment

o | et [N e |

Initial Screening I Hagard Identification  Testing Identificaticn I
= Instructions
Each gquestion is linked to a test that you should consider, Rate 0 o 5
if there is no chance the test could be necessary if the product is < >
used as it is intended to be and 5 if the product will definitely e chanee it Definitaly : s
need to be tested under that condition. Provide justification in will be needed Al ' Improper Washouts
the associated text boxes to ensure transparency in your The critenia used to s0one oach test n the prior secticn are now
listed hore 1o be weighted. If you value bow a test scores on
Agqueous | Ultraviclet | Thermal | Aging | Mechanicl | Combustion | Chemical Readivity | Corroslon  Results particular criteria mone than others, wiight thote tests with a . 1
| I | ] l | I | higher srare than athers, If partioular crireria are less imporrant C DA- ConSIder
o ol than ochers, welght thase with a lower soore, Weights
miust b bertwieen 0 and 1 ard thes four weights muast sumoio 1. Ore faCtO rS
Name of Test |f‘ ion Magnitud, Cost _ Experti |
5 Submersion
Rain Event
.. Sun Light Fxposure
'I Scratching
) Cutting
4 Sanidblasting
ki UY & Water
= UV & Mechanical
2
33
a
g
=
[
=
Z 2
Caensan
- l
1
Coml .
o

POC: Alan.J.Kennedy@usace.army.mil Diamond etal., 2017, submitted
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Methods: Monday presentation -
Quantifying release of nano- and advanced materials '
J. Brame, A. Poda, E. Alberts, C. Jackson, A. Kennedy 0

*  Unexposed . Aggressive Water - *  Carbonation i i

Moemalired parlicle count

TiO, Mortar
Carbonation

Diamond et al., 2017, submitted
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Cement Mortar
Tier 2 — Abrasion (after UV/weathering)

Majority of particles > 500nm

."Jf-\

B i o SIS

50 500

UV-weathered

UV effect significant
. ."'.i"\..

50 500

Farticle size [nm)

ERDC
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Cradle

Material
Processing

Raw
Materials

E Carp-oQ‘Soot,
solvent

\ V)

brewer science

Bulk Surface Bound

e | w | = | = |

\Il-.»uurl
St ate.

Dimensional Structure [Multi Type)

Categary 3A: Surface bound Nano-object (particles, rods, diamonds ete.) 2

This category consists of & surfam baund ;r

Public-Private Partnership

Safe and Rapid Commercialization of Advanced Materials
How much of the life cycle is “nano”?

Product
Manufacturing

Particles

® | & | x| m |

LCA environmental impacts are driven by energy and waste incineration (Chappe

Exposed to periodic rainfall and UV light exposure (protective casing)

Onmnosers, EEU e e

o i'.u"r:’;?;"?p';“.ﬁ ‘;‘EEH‘-’;T. s

& Mosa &
§

presentation, look for Tech Connect proceeding)

§ Test scenario: Sensor deployed in environment for 6+ months
§
§

Primary testing materials: (1) ink; (2) free printed sensor; (3) encapsulated sensor

Hull et al., Environ Sci Technol, 2009, 43, 4169-74

POC: Alan.J.Kennedy@usace.army.mil
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8 Scenario:

» Sensor deployed in the
environment for 6+ months

» Not submerged in water but
exposed to periodic rainfall

» UV light exposure

§ Pristine material nano-scale?

» Yes, conductive properties

§ Product category
» 3A for printed sensor

» Ink itself is a fluid suspended
nano-object

Product
Manufacturing

Iatnates:
Phosrs £ u‘:ll dasyiption of oach of B
tris blknis Thesrs (rse Thes cipisnam sini 52 The Boiom 1 select 1 most apsieniis tachaningy caagony

Nanotube sensor
Tier 1: Background (Life Cycle Thinking)

Bulk Particles

w | owm | = | wm | x| aa ]

Surface Bound

| x |

Category 3B: Fluid Suspended Nano-object
Dimensional Structure (Multi Type) E

monds etc.) 3

This category consists of fluid
suspended nano-objects. The
nanoscale object dimensions range
from roughly 1 to 100 nm and extend i
in three spatial dimensions, This
category is made up of multiple types
of material,

Ik
EE

e
TR NI TR T
ot et Tor oty ot | Lanenr Ditmte |

Helquu.me't.uLm

o o e B e pee et b e ——

i Pl Dochnology celoponics by Chckieg e gach of e

Yo 'rn-c- mwm cabegury, I multiple bachaokogy CMN:“O';Wr

o [ Hetwical gty aned rum Lhal Decbwrdery cal

=% | = x® Lo |

Categary 4 Surface baund Nano-ohect (partecles, reds, dismonds sc.) 2
Dimesmional Shmcture (Mults Type) s '
This category conststs of & surface bound “ I" "u
num—ch}m The nencscole chiject ) y
dimensions range from roughly 1 to 100
nancmaters gnd eend in by spakial
dimensions. This category is mads up of
mutiple types of maberial,

|
Sanve | Generata Remr:[
J

POC: Alan.J.Kennedy@usace.army.mil
601-634-3344
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Nanotube sensor
Tier 2 — Release studies selection

- C - =
ManoGRID: Guidance for Risk Infermed Deployment . - - — g
Home I| ier 1 L ez er 3 | Ter 4 | ter 5 I

Release | Hazard Mentficaon  Testing Ientification |

— Help Documentation

Instructions

Fach question an the tahs below & Inked to a release test that should be considered. Rate

0 if thera is no chance the test could be necessary if the product is used as & & ntended to | o 5

be and 5 f the product will definkely need to be tested under that condion, Provide —_—
justification in the assodated text boxes to ensure transparency in your responses. If left H1FITI::I1; D:EI’::N

hlank, the mast conservatiee assumption (5) will he entered. Cick on the Results’ tab when |
wou are ready to see which tests you should be mast concermed with!

Aquenus | llltmlnlﬂl Thermal I Adjirg ] Mechanical I Cambustion I Chemical Hmdml {mnﬂnn] Results I

= Submersion
K The material will be Immersed In water or be submerged durlng use.

oo @ 1 2 3 4 5
- Rain Event
The material will be used in an external satting and have the potential to be rained on.
o 1 2 3 4 w5
e Ackd Rain
The material will be used in an environment that is subjected to acid rain.
o 1 2 w3 4 5

— Humidry Changes
The material will be used in an ervironment that is subjected Lo large changes in humidily.
0 1 2 3 4 w5

— WWashing
| | The material has the potential to be washed or rinsed (i.e. cleaning).
[ ‘ol @ 1 2 3 4 'l

Justification Provided:

| Save | Generate Rep-crrt|

POC: Alan.J.Kennedy@usace.army.mil
] 601-634-3344 15
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Nanotube sensor

MNanoGRID: Guidance for Risk Informed Deployment

- -

Home | Tier 1

Release I Hazard Identification ~ Testing Identification I

Instructions

0 if there is no chance the test could be necessary if the product is used as it is intended to
be and 5 if the product wil definitely need to be tested under that condition. Provide
justification in the associated text boxes to ensure transparency in your responses. If left
blank, the most conservative assumption (5) wil be entered. Click on the 'Results’ tab when
you are ready to see which tests you should be most concerned with!

Agqueous I Ultraviolet I Thermal I Aging I Mechanical I Combustion I Chemical Reactivity I Corrosion

Tier 2 — Release studies selection

MName of Test Selected

Submmersion
Rain Event

Weight

Each gquestion on the tabs below is inked to a release test that should be considered. Rate

T
0 5
A——
Mo chaner it Definitely
will he nesdad needead

Duration
Magnitude
Cost
Expertise

0.125 Humidity Changes
05 wazhing

. Samn Light Exjpeoewne
0.25 Light Cycling
0.125 Ten_'l.p-emture Flhum

Results

The goal of this graph is to
| Ihelp show you the types of
ltests that you will want to
iconsider based on the
lanswers to the other tabs
in this section. This list is 5
by no means exhaustive to
iall the tests that could be
done, but more or less
represents the general
ltests that one should
iconsider.If you are still
having trouble deciding
\which tests to move
forward with, try clicking
the button below for a
decision tool which
incorporates factors such

| fas cost and time.

Average Score

Test Selection Tool

Thermal
Aqueous

Aging
o osiun Mechonleal

Tests Tor Consideration

chem React

. i

SUM:

(=T L L B -

Cirying:
1 Temperature Elevation
Temperatune Reduction

Swrface Sawing

Eff I ZZETEEEE L

Select these 4
tests for sensor

POC: Alan.J.Kennedy@usace.army.mil
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Number of test materials

PRIMARY TEST MATERIALS
1. CNT ink

2. Printed CNT sensor (CNTs
exposed)

3. Actual humidity sensor
product (CNTs
encapsulated)

SECONDARY consideration
§ Silver ink (used to

“So if this world starts getting you down

encapsulate the CNTS) - Not There's room enough for twe (3 replicates),
UP ON THE ROOF”

specifically nano but Ag+ - The Drifters
release will be monitored

POC: Alan.J.Kennedy@usace.army.mil
] 601-634-3344 17
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PROVIDING COMPLETE
e Research Program,
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Technical Director
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WORK WITH US?

Alan.J.Kennedy@usace.army.mil, 601-634-3344

ERDC Nano: http://el.erdc.usace.army.mil/nano/index.html

ERDC NanoEXPERT: https://nanoexpert.usace.army.mil/

ERDC Video demos: http://www.youtube.com/channel/UCe3wh zmq3FATtb55bcwn
ERDC Environmental Laboratory: hitp://el.erdc.usace.army.mil/index.cfm

POC: Alan.J.Kennedy@usace.army.mil
) 601-634-3344 18
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Point of Contact

§ Alan.J.Kennedy@usace.army.mil
§ 601-634-3344

= e ERDC
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Brainstorming materials

NanoGRID

NanoNAVPAL
https://drive.google.com/open?id=0Bw
7/gDKP90j1T21XS|RLRNBKVXM

POC: Alan.J.Kennedy@usace.army.mil
] 601-634-3344 20
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